We present a detailed analysis of the EUV spectra of 13 DA white dwarfs, observed by the EUVE satellite, paying attention to the possible sources of absorbing material along the lines-of-sight in both the local interstellar medium and in the photospheres of the stars themselves. The range of interstellar column densities seen are consistent with our previous understanding of the local distribution of material. Absorption from interstellar He ii is found in the direction of ve stars, allowing us to measure directly the He ionization fraction and estimate, indirectly, that of H. The weighted mean ionization fractions along these lines-of-sight are 0:27 0:04 and 0:35 0:1 respectively. Where He ii is directly detected, the observed ionization fractions are not correlated with direction or with the volume/column density of material along the line-of-sight. Furthermore, the limits on the amount of He ii established in all other directions completely encompass the range of observed values. Indeed, all the data can be consistent with more or less constant He and H ionization fractions throughout the local ISM. It is clear that there is little photospheric opacity, from either He or heavier elements, in the majority of the stars we have studied. This poses further di culties in explaining the observed division of white dwarfs into H-and He-rich groups, the temperature gap in the He-rich sequence and the detailed spectral evolution of the H-rich DA white dwarfs as they cool. A striking observational result is that our spectroscopic evidence indicates that radiative levitation e ects are only important at temperatures above 50000K, rather than the 40000K suggested by broad band photometry. There is clearly an urgent need for further theoretical work on the mechanisms that determine the photospheric composition of white dwarf stars.
INTRODUCTION
Soft X-ray and EUV observations of white dwarfs are an important indicator of the presence of absorbing matter in the photospheric, circumstellar and interstellar environment. Recent broadband photometry of large samples of white dwarfs from the ROSAT WFC and EUVE sky surveys has given important insight into the physical characteristics of these stars, showing that white dwarfs below 40,000K have predominantly pure H envelopes, while the majority of hotter stars contain signi cant quantities of heavy elements ? Guest Observer, Extreme Ultraviolet Explorer y Now at the Astronomical Institute, Utrecht University, The Netherlands in their photospheres (e.g. Barstow et al. 1993; Wol , Jordan & Koester 1996; Marsh et al. 1996; Vennes 1996) . These data also give some indication of the interstellar opacity and can, in principle, be used to determine the line of sight neutral hydrogen column density. Studies of the larger sample have been able to map out the approximate distribution of hydrogen in the local interstellar medium (LISM, Warwick et al. 1993; Diamond et al. 1995) .
Broadband studies of white dwarfs in the LISM have had to make the simplifying assumption that the ratio of neutral helium (He i ) to neutral hydrogen (H i ) was equal to the cosmic ratio of total He/H (equal to 0.1) and that the amount of ionized He ii was negligible. More recently, observations with the Extreme Ultraviolet Explorer (EUVE ) have shown that many lines of sight are much more complex c 0000 RAS than this. In particular, the He may be substantially ionized (e.g. Vennes et al. 1993; Holberg et al. 1995) . Furthermore, the cross-sections included in many interstellar models did not take account of predicted He i resonance features, rst detected in the ISM by EUVE (Vennes et al. 1993) . Subsequently, these have been incorporated into a convenient model by Rumph, Bowyer and Vennes (1994) .
Prior to the launch of EUVE, few spectroscopic observations were available with which to study H and He in the local interstellar medium (LISM). Furthermore, certain models of the LISM predicted signi cant photoionization from the decay of neutrinos (Sciama 1990 (Sciama , 1993 . Strong ionization of hydrogen relative to helium was required to match the combined EXOSAT (Heise et al. 1988) and Voyager (Holberg et al. 1980) observations of HZ43, which would support such models. However, the work of Kimble et al. (1993a) contradicted this result. In addition, sounding rocket and HUT spectra of G191?B2B, spanning the He i 504 A photoionization edge, concluded that hydrogen could not be highly ionized in the LISM (Green, Jelinsky & Bowyer 1990 and Kimble et al. 1993b, respectively) .
Models for the ionization of hydrogen and helium in the LISM have been considered by several investigators (e.g. Cheng & Bruhweiler 1990; Lyu & Bruhweiler 1996) . With the ability to detect features arising from interstellar He i and He ii , EUVE has presented us with an important and unique opportunity of providing direct tests of model predictions. Several studies of individual white dwarfs have allowed measurements of ionization in the LISM. For example, Vennes et al. (1993) report a He ii /He i ratio of 0.25 along the line of sight to GD246, while in the direction of GD659 the H and He ionization fractions are 0:36 0:17 and 0:36 0:06 respectively . The most comprehensive study so far, considering a sample of 6 stars, suggests that the ionization state in the LISM is inhomogeneous and that He is more highly ionized than H (Dupuis et al. 1995) .
Apart from the sky survey results, signi cant evidence has accumulated that many of the very hottest white dwarfs contain signi cant quantities of heavy elements in their atmospheres. IUE echelle spectra have revealed high ionization features attributable to C, N, O, Si, Fe and Ni (e.g. Holberg et al. , 1993 & 1994; Vennes et al. 1992; Vidal-Madjar et al. 1994; Werner & Driezler 1994) , while EUVE spectra of the same stars show strong line blends arising from, largely, the same heavy elements (e.g. Barstow et al. 1996a; Barstow et al. 1996b; Vennes et al. 1993; Dupuis et al. 1995) .
The presence of heavy elements in the atmospheres of hot white dwarfs can be readily explained by radiative levitation counteracting the downward pull of gravity. Several investigators have performed calculations predicting expected element abundances. The most recent of these deal with elements up to and including Fe (Chayer, Fontaine & Wesemael 1995a) and Ni (Chayer et al. 1994 ). Subsequently, a number of signi cant improvements have been incorporated into the treatment of the theory, using model atmospheres to compute the exact Eddington ux at the Rosseland photosphere and revising the line pro le width of the pressure broadening (Chayer et al. 1995b) . Nevertheless, while the general pattern of heavy element species observed matches the predictions, there is comparatively poor agreement between the measured and expected abundances (e.g. Chayer et al. 1995a Chayer et al. , 1995b Barstow et al. 1996b; Lanz et al. 1996) .
Most spectroscopic studies of heavy element abundances in hot DAs have concentrated on those particularly metal-rich stars with temperatures greater than 55; 000K, where absorption features are clearly detected in the IUE echelle (see above refs). Only one object studied in detail, GD394 at 38,500K, has a temperature below this level (see Barstow et al. 1996b) . It is clear from the recent analysis of the sample of DA white dwarfs in the ROSAT EUV sky survey, that some stars at temperatures between about 40,000 and 55,000K contain signi cant opacity while others appear to be have more or less pure hydrogen envelopes. However, in this temperature r egime, abundances are too low or the stars too faint for heavy elements to be detected in IUE echelle data. Since EUV uxes are very sensitive to traces of heavy elements in the atmospheres of white dwarfs, EUVE spectra can provide important constraints on heavy element abundances at levels where IUE is insensitive by examination of the shape and level of the observed continuum.
We present here a detailed study of a sample of 13 DA white dwarfs drawn from our own EUVE Guest Observer programme and from the data archive. This work is divided into two sections. First, since none of the stars chosen include objects with extreme heavy element abundances, simple H+He model spectra coupled with a suitable model of the interstellar medium can mostly be used to obtain direct measurements of interstellar H i , He i and He ii column densities for most of the sample. From these we are able to estimate the ionization fraction of both H and He and compare the values between the di erent lines of sight. Interstellar He ii is detected in ve of the stars studied but non-detection in the other objects is probably a selection e ect base on the weakness of the 228 A edge in low column density directions or results from the absence of signi cant ux at that wavelength. Indeed, the interstellar measurements can be consistent with a uniform ionization of H and He in the LISM. As a by-product, this analysis also provides constraints on the photospheric helium opacity. Two of the stars in this study, PG1123+189 and GD246 are known to have signi cant abundances of photospheric heavy elements, although they are not as extreme as stars like G191?B2B (see Barstow et al. 1993; Marsh et al. 1996) . In these cases we use heavy element blanketed models developed for a study of G191?B2B (Lanz et al. 1996) for analysis of the interstellar opacity. In contrast to the work of Dupuis et al. (1995) we utilise the entire EUV spectrum from 60 to 550 A, where possible, rather than just the long wavelength 400{550 A data. For comparison purposes, we repeat the analyses of Dupuis et al. for stars common to both studies, discuss the di erences in results arising from the two techniques and the impact of these on the overall con dence we can have in the interstellar measurements. Secondly, we compare the predictions of the radiative levitation calculations with observed levels of opacity in this group of white dwarfs using a grid of non-LTE models containing heavy elements at the expected abundances. None of the stars in our sample exhibit the expected opacity but we nd that the EUV spectra cannot distinguish between a pure H atmosphere and models including approximately 1/10 the predicted abundances. 
OBSERVATIONS AND DATA REDUCTION
This study considers 13 hot DA white dwarfs with temperatures lying in the range 30,000 to 55,000K. They are listed in table 1 together with their optically determined temperatures and gravities, visual magnitudes, date of the EUVE observations and spectrometer exposure times. Details of the optical observations are summarised in Marsh et al. (1996) . The EUVE spectrometers cover a total wavelength range of 70 to 760 A , divided into three channels: the short (SW) 70{ 190 A , medium (MW) 140{380 A and long (LW) 280{760 A. Typical spectral resolutions are 0.5 A, 1 A and 2 A for SW, MW and LW bands respectively, but vary across each band by a factor 2. Several detailed descriptions of the instrument have been published but the most up-to-date discussion of the performance can be found in the EUVE episode 2 Guest Observer Handbook (EUVE 1993a) . The signal-tonoise ratios of spectra with strong continua, such as white c 0000 RAS, MNRAS 000, 000{000 dwarfs, are limited by systematic variations in quantum efciency across the detector, amounting to an amplitude of 20% . Since late 1993, employment of the`dither mode', which consists of a series of discrete pointings, slightly oset from one another to average out the detector variations, has largely removed this e ect. Recent studies have demonstrated a factor 4 improvement for dither mode observations (see Barstow, Holberg & Koester 1995; Holberg et al. 1995; Dupuis et al. 1995) . Several of the spectra in the public archive were obtained before the development and use of the dither mode. Where appropriate this is indicated in table 1.
In their white dwarf study Dupuis et al. (1995) also examine the e ective areas of the overlapping spectral orders of the LW spectrometer. They nd that the 2nd, 3rd and 4th order responses are all over estimated and recommend that a grey correction factor be applied to each, dividing them by 1.4, 1.2 and 1.1 respectively. We have included these in the instrument e ective areas used in our analysis. We have obtained the data for all the white dwarfs from our own Guest Observer programmes or from the EUVE archive and extracted the spectra from the images ourselves, using the euv package supplied for use within iraf . Since the observations are mainly split into several separate exposures, we aligned and coadded the images in iraf before extracting the spectra. A 20 to 40 pixel wide aperture, depending on the target brightness, de nes the source spectrum in each case, with 100 pixel wide strips from each side of this used to estimate the background contribution. We note that with sources as bright as these, the count rate errors from pixel to pixel are then dominated by the detector e ciency variation. To take account of this e ect a further systematic error is quadratically added to the statistical component. With dithered observations we use a value of 5% for the systematic error (see above), adopting 20% for the non-dithered spectra (e.g. Barstow, Holberg & Koester 1994a , 1994b . c 0000 RAS, MNRAS 000, 000{000 
SPECTRAL ANALYSIS TECHNIQUES
Our general data analysis techniques have been described in detail in our earlier work (Barstow, Holberg & Koester 1994a & 1994b . However, since we are comparing the results of our study directly with the work of others, it is useful to reiterate these here, paying particular attention to how errors are estimated for the measured parameters. To determine the combined stellar atmosphere and ISM model which is the best representation of the observed data, we employ a spectral tting technique based on the programme xspec (Shafer et al. 1991) . xspec works by folding the predicted spectrum through an instrument response function and then comparing it with the observed count spectrum using a 2 statistic. This approach is appropriate for the analysis of EUVE data, because there is considerable overlap of the higher spectral orders with the prime wavelength range, as a result of the di culty in nding suitable order separation lters in the EUV. It is not possible to provide a ux calibration for the spectrum simply by dividing the counts by the instrument e ective area function. In xspec the folding operation calculates the count spectra for each order of an individual grating and then coadds them to model the effective spectrometer response. Once a good t to the data has been achieved with a suitable model within xspec , a uxed spectrum can be obtained by deconvolution of data and instrument response with reference to the model. For this analysis, the instrument response function is drawn from the EUVE reference calibration data archive, which is available in the public domain and is supplied with the Guest Observer data, and takes into account the e ective areas of the overlapping orders (including the corrections outlined in section 2) and the wavelength variation of the spectral resolution.
Estimates of the uncertainty in any tted parameter of the model can be determined by considering the variation of 2 as the parameter value is stepped in small increments away from the best t value. All other parameters are allowed to vary so that the new value of 2 is a minimum for the xed value of the parameter being considered. The di erence in two values of 2 , 2 , then gives an indication of the probability that the true value of the parameter lies c 0000 RAS, MNRAS 000, 000{000 between the best t value and the new one. Stepping the parameter to yield a predetermined 2 , corresponding to a particular con dence level, gives the estimate in the possible uncertainty in the best t value. For a given con dence level, the appropriate value of 2 depends on the number of`interesting' parameters, or the number of variables in the model which can signi cantly e ect the quality of the t. For example, with only one such parameter a 1 (68%) con dence limit is given by 2 = 1:0. With 2, 3, 4 and 5 variables the corresponding 2 s are 2. 3, 3.8, 4.6 and 5.9 respectively (see Press et al. 1992 for a detailed discussion).
The combined H+He synthetic spectra and ISM models are speci ed by 7 independent parameters { e ective temperature (Teff), log surface gravity, helium abundance (or H layer mass for a strati ed model) a distance/radius related normalisation constant, H i column density, He i column density and He ii column density. However, from Balmer line ts to the optical data, Teff and log g are known within narrow bounds. Furthermore, a measurement of V magnitude, from optical photometry, can be used to determine the normalisation. Hence, only four parameters are completely unknown and an esimate of the 1 error for each requires 2 to be 5.9. The heavy element blanketed models in principle have many more degrees of freedom according to the number of species incorporated. However, in this work only a single abundance parameter was included, scaling the predicted abundances of the radiative levitation theory, in our study of this mechanism, or the Fe abundance in the analysis of PG1123 and GD246. In the latter case the C, N, O, Si and Ni abundances were xed at the values estimated for G191?B2B (Lanz et al. 1996) . We note that the predicted line strengths in the EUV do give a good match to those observed in these stars. All the error ranges quoted in this paper are 1 limits but it is worth remembering that the probability that the value of any parameter lies between them is only 68%. There is a 32% chance that the true value lies outside the range. Extensive grids of H+He models, for both strati ed and homogeneous photospheric structures, are widely available and we have used those calculated by Koester (1991) in earlier work. We continue to use these in this paper to provide the model white dwarf spectra for measuring the ISM column densities and the related interstellar ionization fractions (sections 4.2, 4.3 and 4.4), except for the two hottest stars (PG1123+183 and GD246), where we use fully blanketed non-LTE models containing additional heavy elements (C, N, O, Si, Fe & Ni) to account for the known sources of photospheric opacity. The H+He models are also used to placed limits on the photospheric helium content in each star (section 4.5) The homogeneous grid spans 20000 to 100000K in Teff , 7.0 to 9.0 in log g and a He/H abundance from 10 ?2 to 10 ?8 (e ectively zero helium). The strati ed models cover the same range of Teff and log g but the other free parameter is the H layer mass ranging from 10 ?15 to 3 10 ?12 M .
The study of the white dwarf photospheric opacity, as a test of the radiative levitation theory, requires models including heavier elements. This introduces a much larger number of transitions into the models, compared to a simple H+He composition, and non-LTE e ects are expected to by important. Consequently, we have used the advanced non-LTE code tlusty , developed by Hubeny (1988) and improved by Hubeny and Lanz (1992 & , to calculate new atmospheric models speci cally tailored to this work (section 4.6). Detailed spectra are computed from the models using the programme synspec . For this study the models incorporated those heavy elements that are expected to provide most of the opacity in the temperature range spanned by our programme stars -C, N, O and Si. The lowest temperature on this model grid was 35,000K, above which the predicted heavy element abundances are expected to begin to have a signi cant e ect on the photospheric opacity, and the calculations extended up to 55,000K, the point at which Fe absorption begins to dominate. The surface gravity range of 7.5 to 8.5 matched the spread of gravities within the sample of stars. The heavy element abundances incorporated were taken from the predictions of Chayer, Fontaine & Wesemael (1995a) corresponding to each grid point as summarised in table 2. In addition, calculations were carried out for 0.5, 0.1, 0.05 and 0.01 times these abundances, maintaining the relative fractions of each element constant and identical to the predicted ratios. 
Measurements of column densities in the LISM
In comparing the theoretical models with the observed data, we used the xspec programme and techniques described in section 3, above. To take into account absorption by the ISM we adopt, as before, the model of Rumph, Bowyer and Vennes (1994) , which includes the e ects of H i , He i and He ii , dealing in particular with the autoionization features of He i near 206 A. This was modi ed to take into account the converging series of lines near the He i (504 A) and He ii (228 A) edges in a manner similar to that described by Dupuis et al. (1995) . For each star the allowed values of Teff and log g were restricted to the 1 uncertainties in the optical measurement. Normalisation was provided by a visual magnitude data point, using a central wavelength of 5500 A and value of 3:64 10 ?9 (from Zombeck 1990) for f (0) to calculate the conversion to ux.
Using the entire spectral range covered by EUVE gives independent information on both He i and He ii columns from the size of their photionization edges. As noted by Vennes et al. (1993) , He i can generally be studied directly for a wide range of column densities since it is either visible through the 504 A edge at low columns or the strongest autoionization feature at 206 A if the longer wavelengths are cuto . Simultaneous ts to SW, MW and LW spectra were carried out using both homogeneous and strati ed H+He models, allowing the helium abundance (or H layer mass) and interstellar H i , He i and He ii column values to vary completely freely. Both PG1123+189 and GD246 contain signi cant abundances of heavy elements in their photospheres and the simple H+He models are not able to reproduce the observed spectral shape in detail at short wavelengths. Hence, we restricted the region of the spectrum used in the analysis to the range 200{260 A. In addition, recognising that, in a heavy element blanketed atmosphere, the true continuum ux level may not be accurately represented by the models, for given Teff and log g, we also used new models containing C, N, O, Si, Fe and Ni computed for the analysis of the heavy element-rich DA G191?B2B (Lanz et al. 1996) . These models yield a good match to the observed spectral features in the 200-260 A range, provided the Fe abundance is much lower than found in G191?B2B (10 ?6 and 0 for PG1123 and GD246, respectively, cf 10 ?5 ). The results are summarised in table 3 for the homogeneous models, table 4 for the strati ed ones and table 5 for PG1123 and GD246, listing the best t column densities and uncertainties. Values of reduced 2 were < 1 indicating the excellent level of agreement between the data and models. Figure 1 shows the count spectra for each star together with the appropriate best t homogeneous model after taking into account the complete instrument response. This illustrates the signal-to-noise achieved by the observations and the wavelength range covered, determined by the interstellar absorption. The strati ed models yield equally good agreement with the data but, since the overall spectral shapes are very similar to those of the homogeneous models, we have not included them in gure 1 for clarity. However, we have included the best t heavy element models for PG1123 ( gure 1m) and GD246 ( gure 1o), as the di erences between these results and the homogeneous analyses are important. Photoionized He ii is clearly detected in 5 of these white dwarfs { GD659, REJ1032, PG1123, REJ2156 and GD246. Prior analyses of GD659 and GD246 have already been reported by Holberg et al. (1995) and Vennes et al. (1993) respectively, but these stars are included here for the completeness of our sample. Although, the photospheric He ii opacity is allowed to vary freely, the inferred levels are very low for almost all stars, indicating that the observed features are truly interstellar and have a shape that cannot be reproduced by He within the star itself. In fact, a 228 A edge of the magnitude observed would yield strong He ii Lyman series lines, principally at 256 and 304 A, which are not ob-served and would depress the continuum ux below the edge, making the model inconsistent with the observation. In the remaining white dwarfs, the He ii measurements can only be considered as limits in the absence of any direct detections.
Measurements of H i and He i column
densities with LW data alone Since Dupuis et al. (1995) use just data from the LW spectrometer to measure H i and He i columns, we perform a similar analysis on the stars common to both studies { GD71, HZ43 and GD153 { to allow a direct comparison between our data reduction and spectral tting and theirs. Only the LW data between 400 and 550 A were included in the analysis with the photospheric He abundance and the He ii column density both set to zero. While Dupuis et al.
used a two step technique, determining the He i column from the size of the 504 A edge and then xing this to measure the H i column and stellar temperature, we carry out a completely free t but as in the analysis of the complete EUVE spectrum, Teff and log g are constrained to lie between the optically determined limits. In fact, allowing Teff and log g to behave as completely free parameters generally leads to a best t spectrum with an unrealistically low temperature.
Hence, it appears that the LW data cannot constrain all four parameters independently. The results of this work are included in Values of 2 and reduced 2 were calculated by xing the model parameters at these values. Figure 2 shows the LW count spectra overlaid by the best t models of this analysis and the results of Dupuis et al. (1995) . Comparison of the c 0000 RAS, MNRAS 000, 000{000 To estimate the ionization fraction of hydrogen it is necessary to make the assumption that the total He/H ratio has its cosmic value of 0.1. The total H column density NH is then NH = 10 (NHei + NHeii ) and the hydrogen ionization fraction (fH) is fH = (NH ? NHi )=NH Values of fH and fHe calculated from the best t column densities are listed in tables 7, 8 and 9. The errors quoted are propagated from the uncertainties in the determination of the individual column densities. In general, the stars observed can be divided into three groups, as illustrated in table 10, indicating which of He ii 228 A, He i 504 A and He i 206 A are detected in the EUV spectra, together with the useful wavelength range available for each observation. First, the 228 A He ii photoionization edge is clearly detected in ve objects (GD659, REJ1032, PG1123, REJ2156 and GD246), providing a direct measurement of the He ionization fraction. There appears to be no particular relationship between direction and the degree of ionization measured. The weighted mean ionization fractions of He and H in these ve directions are 0:27 0:04 and 0:35 0:1 respectively. Secondly, although the region of the He ii edge is included in the spectra of GD153 and GD71, the edge is not detected and only an upper limit to the He ii column density and, consequently, the He ionization fraction, is available. Interestingly, although the edge is not seen in HZ43 either, the best t models do require the presence of a nite He ii colc 0000 RAS, MNRAS 000, 000{000 umn, with a lower error bound that does not extend down to zero, but in the absence of a positive detection we also treat this measurement as an upper limit. Finally, in the third group of stars (REJ0715, BPM93487, CoD?38, REJ2009, REJ2324) the He ii spectral region is not su ciently well exposed to obtain either direct measurements of any feature or well-determined upper limits. However, the data imply that ionized material may be present since the models which provide the best t to the spectra often include anite quantity of He ii . It should be noted that in some cases the uncertainties in the measurement of the He ii column are very large, encompassing zero, as are the corresponding estimates of the ionization fractions. Clearly the latter group of stars all lie in relatively high column density directions as their spectra are all cut o at long wavelengths (see table 10 ).
Limits on the presence of photospheric helium
Although measurement of the interstellar He i and He ii components is one of the primary aims of our work, it is Table 9 . The ionization fractions of helium and hydrogen in the interstellar medium, calculated from the line-of-sightcolumn density measurements towards PG1123+189 and GD246 using (top) homogeneous H+He photospheric models and (bottom) models incorporating heavy elements. also possible to determine the potential contribution of photospheric He to the total opacity. Any helium residing in the photosphere of the white dwarf would be revealed through the presence of the He ii Lyman absorption series extending from 304 A to the limit at 228 A. The signature of photospheric He ii is quite di erent to that of the ISM showing a series of pressure broadened absorption lines converging towards the series limit. This gives an e ective absorptioǹ edge' at 235 A, some 7 A longer in wavelength than the sharper 228 A interstellar feature. This is illustrated in the Burleigh, Barstow and Dobbie (1996) , who nd both interstellar and photospheric signatures of He ii in the EUV spectrum of REJ0720?318. As neither the absorption edge nor any lines which could be attributed to photospheric He ii are seen in any of the EUV spectra included in this study (see gure 1), we are only able to determine upper limits to the photospheric He opacity. For the homogeneous H+He models, the opacity is quanti ed by the helium abundance (with respect to hydrogen) and with the strati ed models the overlying H layer mass is the relevant parameter. Table 11 summarises the best t values and associated uncertainties.
Heavy element abundances in DA white dwarfs
Fitting of the EUVE spectra with heavy element model grid was carried out in the same manner as the ISM study. However, only stars with Teff lying in the range 35000 to 55000K, spanned by the non-LTE grid were included in this work. As before, Teff and log g were xed within the range of their optically determined values but the heavy element abundance parameter and the ISM column densities were allowed to vary freely. The heavy element abundance in the best t models is constrained by both the strength of any lines present and the combined e ect of all the opacity sources on the shape of the continuum ux. Figure 3 illustrates this comparing two models with abundances of 0.1 (dotted histogram) to 1.0 (solid histogram) times the predicted values with the pure H spectrum of HZ43. In fact the best t to the HZ43 data has an abundance 1/14 of the level expected by the radiative levitation theory. Results for HZ43 and the remaining 6 stars are summarised in table 12, listing the best t values and uncertainties for the abundance parameter with the preferred Teff and log g. The measured column densities are similar to the values determined with the H+He models.
DISCUSSION
This paper addresses several issues pertaining to the sources of opacity observed in DA white dwarf spectra. Although they are related to a certain extent, for clarity the topics of interstellar and photospheric opacity will be discussed separately. { can all be studied in the MW and SW spectrometers and, in principle, further constraints on the value of the above parameters can be provided. In particular, a self-consistent analysis which deals with the entire spectral range available can allow comparisons to be made between objects of widely di ering column density and are particularly important when the He i 504 A is no longer detected due to interstellar absorption (e.g. Holberg et al. 1995) .
A secondary issue is whether or not di erent analysis techniques yield similar results and, if not, at what level can any di erences be termed`signi cant'. For example, Dupuis et al. (1995) initially determine the He i column from the magnitude of the 504 A edge and then x this value in a subsequent determination of Teff and NHi from the continuum. In contrast, as described in detail earlier, our approach makes use of the Balmer line measurements to con ne the possible values of Teff and log g with the H i and He i columns being treated as completely free parameters and are t simultaneously. From the comparison of our independent analysis with that of Dupuis et al. in table 6, it can be seen that, while there are di erences between the H i and He i columns measured, the error bars of these measurements mostly overlap. Hence, the results do not appear to be signi cantly di erent.
An important comparison to be made is that between the H i and He i column measurements for the LW only and those values determined from the entire spectrum, since the latter are sensitive to assumptions about the He content of the white dwarfs in question. Nevertheless, these separate measurements agree within the experimental errors, by and large. Hence, there is a good internal consistency in our analysis, indicating that we can sensibly compare the results obtained for stars where LW data is not available with those where it is.
Ionization in the local interstellar medium
Ionized interstellar He ii was rst detected in the white dwarf GD246 by Vennes et al. (1993) and subsequently in GD659 by Holberg et al. (1995) . In the sample of white dwarfs studied in this paper the He ii 228 A edge is directly detected in 5 stars, including these two objects, although we have updated their analyses here. Therefore, ionized He ii is a new discovery in the spectra of REJ1032, PG1123 and REJ2156. Coupling these measurements of He ii column density with the upper limits and implied values for other stars now allows us to make a limited systematic study of photoionization in the local ISM. Since it is the only direct measurement that can be made we consider mainly the observed helium ionization fraction or upper limit. The fraction of ionized hydrogen is important but can only be inferred from the He ii ionization and, consequently has much greater uncertainty. A number of simple questions can be raised. Does the He ii ionization fraction depend on viewing direction (i.e. location)? Is the amount of ionized helium correlated with either interstellar volume density or line of sight column density? Figure 4 shows the distribution of stars in this study on the sky in the galactic coordinate system. Superimposed are the contours of constant distance to the edge of the`local bubble', determined by Warwick et al. (1993) , and the ve stars with detected ionization are marked. Three of these lie towards the south galactic pole but they are separated by 20 ? 30 on the sky indicating that the ionized region could be very extensive. The dependence of the He ionization fraction on the average column density or volume density, taking out the e ects of stellar distance, of hydrogen along the line of sight is illustrated in gure 5 and gure 6 respectively. We take the total quantity of H, estimated from the calculated total He (He i +He ii ) according to the cosmic H/He ratio. Within the propagated errors the observed ionization fractions (or limits) are more or less the same for the homogeneous and strati ed models. Consequently, for clarity, we only consider the results derived from the homogeneous analysis further. There is no evidence for any correlation between the He ionization fraction and H column density. For example, if this material were circumstellar, we might expect correlation of NHeii with stellar temperature, a constant value of NHeii for all stars or perhaps the He ii ionization fraction should depend on stellar temperature. Figure 8 . The inferred fractional ionization of H for each star in the sample as a function of the total column density of hydrogen along the line-of-sight. The shaded shapes indicate those stars where He ii is detected directly, squares corresponding to objects analysed with H+He models (GD659, REJ1032, REJ2156) and circles objects analysed with heavy element models (PG1123 and GD246). The open diamonds represent those stars where He ii was not detected and only broad limits on the ionization fraction obtained.
Yet no such e ects are seen which indicates that the He ii detected in these observations is genuinely interstellar. The data points do appear to be clustered into the three groups identi ed earlier (ionization upper limits, measurements and implied best t values without direct detection). This is perhaps not too surprising as the total column density has a strong in uence on what features are potentially visible. Furthermore, in low column density directions, the absence of detected He ii features could easily be a threshold e ect because the edge is simply too weak to detect. For example, gure 7 shows the magnitude of the He ii edge expected along the line of sight to HZ43 if the interstellar material had the 40% He ionization fraction seen in other directions. It is clear that the level of the upper limits, the errors on the measured values and the range of uncertainty associated with the values implied from the model comparisons all overlap substantially. Hence, there is no evidence that the He ionization fraction is not close to the weighted mean (0:27 0:04) of the GD246, GD659, REJ1032, PG1123 and REJ2156 measurements in any of the directions probed with these observations. Our conclusion that helium could be uniformly ionized might be contradicted by recent studies of the very hot ( 60000K) white dwarfs G191?B2B and REJ0457?281 (Lanz et al. 1996; Barstow et al. 1997) . To explain the EUV spectra of both these stars it is necessary to include significant levels of He ii opacity in the photospheric/interstellar models. If completely interstellar, the He ii ionization fraction is 80% . Preliminary studies of several other stars near this temperature yield similar results (Barstow et al. 1997 ). However, since any possible He ii features must be blended with large numbers of heavy element lines in these objects, the presence of He ii is only implied rather than directly detected. Furthermore, even if it is not an artifact of limitations in the stellar model atmospheres, it is impossible to decide whether the He ii resides in the photosphere, in the circumstellar environment, or in the interstellar medium. Hence, while, as a group, these stars do not yet contradict the current results we must remain somewhat cautious.
An important result of our analysis is that when the total H column density is predicted from the combined He i and He ii values, the H ionization fraction inferred from the H i column density is always positive. Plotting the H ionization fraction as functions of total H column ( gure 8) and volume density ( gure 9), we nd that, as for the He fraction, there is no observed correlation. The measured values have a weighted mean of 0:35 0:1. All upper limits and associated uncertainties are consistent with this level of ionization, which is also similar to that we have measured for
He. This contradicts earlier statements (e.g. Vennes et al. 1993; Dupuis et al. 1995; Bowyer 1996) that the hydrogen ionization fraction in the LISM is far lower than that of helium. To a large extent these statements are based on the study of GD246. The most plausible explanation may be the use of an inappropiate pure H model atmosphere to set the level of the EUV continuum ux in that work. In our analysis the more realistic heavy element models yield a lower continuum ux in the 200{260 A region of the spectrum, leading to lower estimates of the H i column compared to the values for He i and He ii which are determined mainly by the strength of the absorption edges. We also note that the upper limits to the ionization fraction reported by Dupuis et al. (1995) are in fact entirely consistent with the values we obtain for those stars which are common to both samples.
We have concluded that our observations are consistent with constant H and He ionization fractions in the LISM. This is not the same as asserting that H and He ionization fractions are constant within the LISM or that these quantities do not di er for di erent lines of sight. Our weighted mean values, however, do provide very useful approximations representing the average ionization state of that portion of the LISM which contributes the bulk of the EUV interstellar opacity.
Another quantity which is widely used in discussions of the LISM is the ratio NHi /NHei or alternately, its reciprocal. Dupuis et al. (1995) measured NHi and NHei for six white dwarfs observed with EUVE, including four from our sample. They nd a value of NH i /NHei = 14 from a visual t to the a plot of NHei vs NHi for their sample. Kimble et al. (1993) also used HUT 1 observations of G191?B2B to determine NH i /NHei = 11:6 1:0. We can use our data to estimate NH i /NHei by two somewhat independent methods. If we directly use our weighted estimates of the H and He ionization fractions, then we nd NHi /NHei = 8:9 +1:7=?1:3 from the relation between the H and He ionization fractions and the cosmic H to He ratio. Alternately, we can follow It is, however, unsatisfactory from a statistical standpoint. The formal chi-squared per degree of freedom for this t is 3.5, thus the assumed model of a completely uniform LISM can be rejected, as well might be expected. An even more serious objection is the dominance of the result by just three stars having the lowest column densities and lowest relative uncertainties, HZ 43, GD 153 and GD 71 (in addition, HZ 43 and GD 153 share virtually the same line of sight). These stars largely explain the higher ratio found by Dupuis et al..
A more acceptable way of determining the average conditions in the LISM would be to take a simple unweighted geometric average of the NHi :NHei ratios for our 9 stars, which leads to NH i /NHei = 10.
Thus far, we have not considered how the observed interstellar material is distributed along the lines-of-sight. However, this is important in considering the physical mechanisms that might give rise to the levels of ionization observed. For example, Frisch (1994) estimates the electron density (0.22 to 0.44 cm ?3 ) in the so-called local cloud (or surrounding interstellar cloud, SIC), in which the solar system is embedded and predicts that the hydrogen ionization fraction should lie in the range 69% to 81% . However, more recent measurements, made in the direction of CMa, indicate that the electron density in the local cloud is rather lower, 0:09cm ?3 , giving a H ionization fraction no greater than 50% and more in keeping with our result (Gry et al. 1995) . In addition, the nominal`constant' He and H ionization fractions we see are consistent with the predictions of Lyu and Bruhweiler's (1996) time dependent ionization calculations, considering the recombination of the LISM following shock heating from a nearby supernova. On the basis of the earlier studies of GD246 and GD659 they estimate an elapsed time of 2.1 to 3.4 million years since the onset of the recombination phase. The new results presented here also t within this time envelope, the increased number of data points serving to strengthen the case for this theory.
In the light of this apparent agreement, we should consider that we might be sampling both material in local cloud cloud and in the surrounding medium. The latter is more tenuous but the e ects are integrated over greater distances. The local interstellar cloud is considered to be only a few parsecs across with a mean neutral hydrogen volume density of 0:1cm ?3 (e.g. see Frisch 1994 , Gry et al. 1995 . It is possible to consider whether or not the interstellar material we observed really does lie in the local cloud by estimating the distance to the cloud boundary on the assumption that all the H i is contained within, at the density noted above. Considering, just those stars where we have relatively unambiguous estimates of NHi (ie. ignoring high column directions where He i and He ii are not directly observable), we nd that while some distances are small enough to be consistent with our assumption (e.g. GD153, HZ43, GD71) most imply a boundary at signi cantly greater distance than believed (table 13) . Consequently, either the local interstellar cloud is rather larger than reported, which is unlikely, or a signi cant fraction of the interstellar absorption observed lies outside the cloud in most of the lines-of-sight we have examined. It is important to note that this is so for all those directions in which we detect ionized He. Hence, the ionization fractions reported here may not represent the conditions in the local cloud and the agreement with the measurements of Gry et al. (1995) and predictions of Lyu and Bruhweiler (1996) could be purely fortuitous.
Photospheric helium and hydrogen layer masses
A theme of several papers analysing EUVE spectra has been the search for evidence of photospheric helium as a way of studying the division of white dwarfs into H-rich and Herich groups. The presence of trace He in otherwise H-rich objects would be an important indication that at least some DA white dwarfs evolve from the DOs by upward di usion of residual H. However, in most cases there has been no compelling evidence for the presence of photospheric helium and it has only been possible to measure upper limits for the He abundance, if homogeneous H+He models were used, or place lower limits on the H layer mass with strati ed models (Barstow, Holberg & Koester 1994a , 1994b . Only in two H-rich objects observed by EUVE has photospheric He been detected, but both stars are unusual. The EUV spectrum of GD50 shows strong He ii absorption, which can be accounted for by including a homogeneous He/H abundance of 10 ?4 in the model atmosphere. GD50 is one of the most massive white dwarfs known and possibly the result of a binary merger. The presence of He may be related to its earlier evolution. Similarly, the DAO white dwarf REJ0720?318, in which He had already been identi ed spectroscopically with optical observations, shows absorption from photospheric He ii (Burleigh, Barstow & Dobbie 1996) . This star is part of a pre-cataclysmic binary system, having a dM companion. As in GD50, the presence of the He is probably a result of past evolution, perhaps from the common-envelope phase, or may be due to more recent accretion episodes from the M dwarf wind. The picture emerging from this work is one where all the isolated DA white dwarfs appear to be devoid of helium. The results presented here con rm this and enlarge the sample of observations by a factor 3 ? 4.
Of particular importance are the group of stars with temperatures in the range 40000{50000K, which include REJ0715, REJ1032, HZ43, REJ2009, REJ2156 and REJ2324. These objects lie near the 45000K upper temperature limit of the DO-DB gap. If they had recently evolved from the DO population then traces of He might still be visible. Clearly, no such evidence is present and this work poses yet another di culty when trying to explain the gap in the He-rich cooling sequence. One explanation may be a statistical one, since there are approximately seven times as many DA white dwarfs as DOs and transitional objects must be relatively rare. In addition, objects containing trace helium will be less luminous in the EUV and, therefore, less likely to be detected in the EUV sky surveys. The He abundance (and H layer mass) limits are at levels that are marginally signi cant from an astrophysical point of view. The predictions of di usion calculations (Vennes et al. 1988) indicate that the residual helium abundance for stars of this temperature and gravity should be 3 10 ?6 . Abundances at this level would have been detected in GD153, HZ43 and REJ2156, if present. 5.4 Limits on the abundances of heavy elements in DA white dwarfs
As discussed in the introduction, soft X-ray and EUV surveys of white dwarfs have revealed that most DA stars hotter than 40000K have signi cant quantities of heavy elements in their atmospheres. In particular, Marsh et al. (1996) , with a large sample of 89 stars, were able to study in detail the temperature range between 40000 and 50000K, a region which was sparsely populated in earlier work. It is clear that, when compared with the predictions of pure H atmospheres, many stars in this temperature range show evidence for signi cant opacity in the EUV, but at levels lower than found in stars at higher temperatures (> 55000K). The photometric data are unable to yield any further information on the nature of the opacity sources and, in particular, decide whether photospheric or interstellar absorption (or both) is responsible. Furthermore, the abundances of heavy elements, if really present, do not yield UV features with su cient strength to be detected by IUE. Hence, the acquistion of EUV spectra for several of these stars is an important opportunity to determine the nature of the EUV opacity. Most the stars listed in table 12 fall in the 40000-50000K range, with GD153 (37900) lying just below. Apart from the identi ed ISM edges, there are no detectable absorption features which could be attributed to the presence of heavy elements. The upper limits reported here then arise from the need to simultaneously keep the predicted line strengths within the noise level of each observation and match the general shape of the EUV continua. The results indicate that signi cant, although small, quantities of heavy elements could be present in the atmospheres of these stars hidden by the signal-to-noise of these data. For example, applying the scale factor estimated for GD153 in table 12 to abundances interpolated from table 2 gives approximate individual limits of 3:0 10 ?8 , 2:5 10 ?8 , 7:2 10 ?9 and 1:8 10 ?8 for C/H, N/H, O/H and Si/H respectively. However, it is important to remember that the ratios of C:N:O:Si are xed at their predicted values, so these numbers should not be taken too literally. There is no correlation between the abundance limits and any physical parameter of the stars, except that the higher limits are associated with those spectra having the worst signal-to-noise. The lowest limit achieved is for HZ43, which, as the brightest EUV source in this sample, has the best s/n spectrum.
In the initial analysis of the ROSAT soft X-ray and EUV survey data by Barstow et al. (1993) , HZ43 was a unique object in the 40000-60000K temperature range through having a pure H envelope. However, in the enlarged sample of Marsh et al. (1996) it was clear that several other objects probably had similar composition. We have now examined several crucial objects spectroscopically (REJ0715, REJ1032, REJ2009, REJ2156 and REJ2324), which appeared to have signi cant EUV opacity and, therefore, were supposed not to have pure H envelopes. In fact it is clear from the column densities measured in our ISM study (table 3 & table 4 ), the limits on the possible photospheric helium content and the upper limits to the heavy element abundances, that the dominant absorption is in the ISM and not the photosphere of these stars. Hence, it appears that, like HZ43, these stars probably have more or less pure H atmospheres.
The theory of radiative levitation, as detailed most recently by Chayer et al. (1994 Chayer et al. ( , 1995a , has qualitatively explained the presence of heavy elements in the photospheres of very hot white dwarfs. Unfortunately, despite signi cant improvements (Chayer et al. 1995b) , it has generally failed in detailed comparisons between observed and predicted abundances of individual species (e.g. Barstow et al. 1996b; Holberg et al. 1993 Holberg et al. , 1994 Chayer et al. 1995a Chayer et al. , 1995b . Generally, predicted levels have exceeded measured values (for C, N, O and Fe), except for Si where the observed abundance is usually higher than that expected. However, the objects studied have mainly been those with the most extreme heavy element content, with temperatures above 55000K. The limits placed on the heavy element abundances in this analysis are signi cantly below predicted values, indicating that the theory is also de cient in the 40000-50000K temperature range. Interestingly, there is a degree of consistency in the problem, since the predicted abundances also exceed the measured values in this r egime.
From an observational point of view, having now established that e ectively all the white dwarfs in the 40000-50000K range appear to have pure H atmospheres, it is necessary to reconsider the earlier results (Barstow et al. 1993 , Marsh et al. 1996 which established the onset of radiative levitation e ects at 40000K. With our new evidence it now appears that the mechanism is only important at temperatures in excess of 50000K.
CONCLUSION
Our comprehensive analysis of the EUV spectra of 13 DA white dwarfs has yielded important new results regarding the opacity of both the local interstellar medium and in the photospheres of the white dwarfs themselves.
A number of broad conclusions can be drawn from the survey of the LISM. A range of total column densities are seen, which are consistent with our previous understanding of the local distribution of material and ionized He ii is found along the lines-of-sight to ve stars. However, the non-detection of He ii in low column directions is possibly a threshold e ect as the 228 A edge is predicted to be too weak to detect for equivalent levels of ionization. In very high column density directions He ii cannot be seen because the interstellar opacity cuts o the spectra at wavelengths shorter than 228 A. Where He ii is directly detected, the observed ionization fractions are not correlated with direction or with the volume/column density of material along the line-of-sight. Furthermore, the limits on the amount of He ii established in all other directions completely encompass the range of observed values. Indeed, all the data can be consistent with constant He and H ionization fractions corresponding to the weighted means of the directly measured values of 0:27 0:04 and 0:35 0:1, respectively, throughout the local ISM.
It is clear that there is little photospheric opacity in the majority of the stars we have studied. The absence of detectable quantities of photospheric He ii adds a further di culty to the problems of explaining the DO-DB gap by migration of stars from He-to H-rich groups by upward migration of hydrogen. In addition, the low limits placed on the possible abundances of heavy elements in the 40000-50000K temperature range is yet another indication of the inadec 0000 RAS, MNRAS 000, 000{000 quacy of the theory of radiative levitation in explaining the detailed heavy element abundance patterns in hot DA white dwarfs. A striking observational result is that our spectroscopic evidence indicates that radiative levitation e ects are only important at temperatures above 50000K, rather than the 40000K suggested by broad band photometry. There is clearly an urgent need for further improvements to the levitation theory or the establishment of an additional mechanism which can counteract radiation pressure on the heavy elements.
